This article investigates the structure of armchair (3, 3) and zigzag (6, 0) boron nitrogen nanotubes (BNNTs) affected by addition of a Borane group (BH 3 ) by performing density functional theory (DFT) calculation at B3LYP levels of theory and 6-31G(d) basis set. The changes of the nuclear magnetic resonance (NMR) parameter of these structures were calculated by GIAO method implemented in the Gaussian 09W program of package. The results indicated that the addition of BH 3 to nanotubes affected the values of isotropic chemical shift (CS I ) and anisotropic chemical shift (CS A ) parameters. The addition of BH 3 also affected the values of bond length and bond angle. The results revealed that the attachment of BH 3 group to the surface of nanotubes had the potential to increase the chemical shift of the nuclei directly linked to Borane molecules.
INTRODUCTION
Boron nitride compound, with chemical formula BN, is made up of boron and nitrogen atoms 1, 2 . This compound is not found in nature and can only be constructed from boric acid or boron trioxide in laboratory. It has hexagonal or cubic structure. The hexagonal form (h-BN) is among the most stable and softest BN polymorphs and is used as a lubricant or an additive to cosmetic products [3] [4] [5] [6] [7] . BNNTs are very similar to carbon nanotubes (CNTs) and, therefore, can form graphite like hexagonal layers. BN is chemically inerter than carbon especially in high temperatures. However, the electronic properties of BNNTs are less adjustable than that of CNTs. BNNTs are also better field emitters than CNTs. BNNTs like nanotubes produced from tungsten and sulfur or tungsten and selenium has less flexibility and elasticity in comparison with CNTs. However, BN nano-mesh has a two dimensional structure which is not only stable to decomposition under vacuum, some gases and some liquids but also resistant to high temperatures of about 900 °C [7] [8] [9] [10] . Limitations in production and application of CNTs have triggered a deluge of interest in BNNTs. This material has a layered structure so that each boron atom is bonded to a nitrogen atom. This material has specific properties such as having superior mechanical properties (young's modulus 1.18 TPa) and high heat resistance and remaining semi-conductive. This material is employed in production of fiber. BNNTs fibers are utilized in production of commercial textile, military uniforms, and solar cells [10] [11] [12] [13] [14] [15] [16] . Many theoretical and experimental researches were conducted to study the synthesis of BNNTs. This material was theoretically predicted in 1994 but its synthesis was experimentally realized in 1995 in laboratory with arc-charging method using BN electrode. Later, other methods such as arcmelting, high temperature chemical reaction, carbon nanotube templates, and laser ablating were reported for synthesis of this material [16] [17] [18] [19] [20] [21] [22] . Recently, Zeng et al. has investigated the effect of NH 3 on these nanotubes 23 . Zahedi et al. has also conducted theoretical researches on (10, 0) nanotubes investigating the effect of NH 3 on NMR parameters of these structures 24 . Here, regarding the wide application and great importance of this material, armchair and zigzag BNNTs were studied to investigate how their properties would be affected by addition of a BH 3 group. For this reason, NMR dependant parameters such as CS I and CS A were calculated. Finally, some of their structural parameters were evaluated.
Computational Details
All the computations were carried out by performing DFT calculation at B3LYP and 6-31G(d) levels using the Gaussian 09W program of package 25 . This was performed on a personal computer (Pentium ® 4 CPU 1.70 GHz and 4.00 GB of RAM) with Microsoft Windows 7 system. All the calculations were carried out in gas phase at atmospheric pressure and a temperature of 298 K. NMR parameters were calculated by GIAO method 26, 27 . The armchair (3, 3) and zigzag (6, 0) models of BNNTs were designed using Gauss View and optimized through semi-empirical method Austin Model 1 (AM1) 28 . Each nanotube had a length of 10 Å. The values of CS I and CS A parameters were determined through relations 1 and 2 [29] [30] [31] . CS tensors in the principal axes system (PAS) (σ 33 
RESULTS AND DISCUSSION
After the final optimization of the structure of nanotubes the values of chemical shifts and structural parameters were evaluated. In order to do so, the structural parameters of armchair (3, 3) and zigzag (6, 0) models of BNNTs were investigated under perfect and BH 3 attached states.
Geometrical parameter
Bond length and angle are considered as the main structural parameters. In this article, bond lengths, expressed in angstrom unit, and bond and dihedral angles, specified in degrees, were determined and the effect of adding a BH 3 group to the surface of BNNTs was investigated (Fig 1-5 ).
Bond length in (3, 3) armchair BNNTs
The results of armchair (3, 3) BNNTs indicated that addition of BH 3 group induced changes in the bond length in proportion with the position which BH 3 took on the ring. Accordingly, all bond lengths would change by addition of BH 3 groups and the changes would be bigger in bonds which were closer to the BH 3 bonding area. For example, N2-B55 direct bond induced the attachment of a BH 3 group to the surface of the nanotube. The biggest changes in bond length were observed in N2-B36 bond (1.458 Å to 1.496 Å), N2-B47 bond (1.465 Å to 1.504 Å), and N2B52 (1.453 Å to 1.509 Å). Other bond lengths were also subjected to similar changes but their changes were smaller (Table 1) .
Bond length in (6, 0) zigzag BNNTs
The results of zigzag (6, 0) BNNTs were completely similar to the results of armchair (3, 3) BNNTs. Similarly, the biggest changes were observed in bonds which were closer to the BH 3 group. In this form, N19-B61 direct bond induced the attachment of a BH 3 group to the surface of the nanotube. This factor also resulted in bigger changes in the bonds which contained N19 atom. For example, the biggest changes in bond length were observed in N19-B42 bond (1.458 Å to 1.506 Å), N19-B47 bond (1.457 Å to 1.507 Å), and N19B55 bond (1.450 Å to 1.543 Å). No significant change was observed in other bond lengths ( Table  2) . Investigation of bond and dihedral angles in armchair (3, 3) and zigzag (6, 0) BNNTs indicated that addition of BH 3 group to the surface of BNNTs did not significantly affect the values of bond and dihedral angles. Specific bonds, which were more affected by the added BH 3 group, were studied. The results were of subtle differences. The biggest changes were found among the studied angles in the zigzag form of which B42-N19-B55-N14 dihedral angle recorded the most significant change (166.4°C to -6.9 °C). The results are reported in Tables 3  and 4 .
NMR properties
The changes of the NMR parameter of these structures were calculated by GIAO method. Table 6 . Chemical shift of different nuclei in perfect state showed a 94 ppm to 100 ppm range in N nuclei and a 75 ppm to 81 ppm range in B nuclei (Table 6) . However, by addition of a BH 3 group, the chemical shift of N nuclei changed to a 98 ppm to 219 ppm range and the chemical shift of B nuclei changed to a 73 ppm to 129 ppm range. Nuclei which were more affected by the BH 3 group were subjected to further investigation (Fig  7) . CS I values for the nuclei of different atoms showed that N19 and B55 recorded the highest shift range. -149.9 -144.9 N6-B52-N2-B47 -11.6 -16.8 
CS
166.4 -6.9 B47-N19-B55-N18 11.7 2.8 B42-N19-B55-N18 147.9 128.9 B47-N19-B55-N14 -151. (Fig 7) . It was evident that the addition of a BH 3 group to the surface of nanotube affected all CS A values. The highest shifts were recorded in the nucleus of atoms directly affected by the BH 3 group. 
